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 
Abstract— A new configuration of self-polarizing Fabry-Perot 
(FP) antenna is presented to generate circular polarization with 
high gain levels using a simple linearly-polarized feed. It consists 
of a FP resonator combined with a polarization-twisting ground 
plane. An analytical model is proposed to facilitate the antenna 
design, and the corresponding results are shown to be in very 
close agreement with full-wave simulations. The experimental 
prototype built in C-band exhibits a combined bandwidth (3 dB 
axial ratio, 3dB gain drop, and -10 dB impedance matching) of 
3% with a maximum realized gain of 18.0 dB. The antenna is 
completely shielded with an aperture size of 4.0λ0  4.0λ0 and a 
height of only λ0. Such antennas are attractive candidates for 
high-power space applications at low frequencies (L- to C-bands) 
where standard horns are very bulky.  
 
Index Terms— Circular polarization, self-polarization, Fabry-
Perot resonators, horns.  
 
I. INTRODUCTION 
HE original concept of Fabry-Perot (FP) antennas [1] 
has received a lot of attention over the last years. The 
main reason is that these antennas allow achieving high gain 
while keeping low profile structures [2]-[4]. Most of the 
previous studies focused on linearly-polarized (LP) FP 
antennas (e.g. [5]-[8]).  
Recently, new configurations called self-polarizing FP 
cavity antennas have been proposed [9], [10]. The aim is to 
avoid using circular polarization (CP) feed networks that are 
usually bulky for high power applications from L- to C-bands 
[11], and to replace them by simple LP feeds exciting the FP 
antenna element. The particularity of this concept is that the 
antenna itself generates the CP and provides high gain 
simultaneously.  
In [9], a three-layered Frequency Selective Surface (FSS) 
structure is placed over a metallic ground plane to combine the 
FP and self-polarizing effects. The experimental results 
obtained for a 9λ0  9λ0  1.8λ0 antenna size have shown good 
results: combined bandwidth (3-dB axial ratio (AR) and -10 
dB impedance matching) of 2.24%, and maximum measured 
gain of about 21 dB. 
The configuration introduced in [10] is very different. The 
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authors proposed to combine a single-layered polarizing FSS 
and linear corrugations to control at the same time the 
polarizing and FP effects. The corresponding antenna is very 
compact (1.6λ0  1.6λ0  0.8λ0) but exhibits a much narrower 
combined bandwidth (around 1.4%) with a 13.3 dB maximum 
gain.  
A new self-polarizing antenna configuration is studied here. 
The idea consists in using a non-resonant FSS to produce the 
FP resonance and a polarizing twisting surface to generate the 
CP with an improved bandwidth in terms of AR and 
impedance matching. 
The outline of this paper is as follows. In Section II.A, the 
antenna concept is presented, along with its geometry and 
working principle. As there are many parameters to be 
optimized, an analytical model is proposed to facilitate the pre-
design of the antenna (Sections II.B and II.C). Full-wave 
simulation results and experimental data are compared in 
Section III. The conclusions are drawn in Section IV.  
II. ANTENNA CONCEPT AND MODELING 
A. Basic idea and antenna geometry 
The main idea is to separate the FP resonance effect and the 
CP generation part. To this end, we can imagine a simple FP 
resonator (Fig. 1) composed of two partially reflecting surfaces 
or FSS (with their respective reflection and transmission 
coefficients); both FSS are separated by a distance Dcav 
dictated by the classical resonance condition at f0, 
([1],[5],[12]) 
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where c is the speed of light in vacuum, and N is an integer 
(N = 0, 1, 2, …). ρ1x and ρ2x are the reflection coefficient phase 
values of the lower and upper FSS respectively.  
When this resonator is excited by a source element 
(waveguide, patch, etc.) placed between the two FSS, the 
antenna resonates at f0 and, depending on the FSS 
characteristics [1],[2],[12], a highly-directive wave is radiated 
on both sides of the resonator (i.e. in +z and –z directions). If 
both FSS have the same reflectivity, the magnitude of energy 
is the same in both directions.  
Let us consider now that the resonator is excited in linear 
polarization (e.g x-polarization) and is made with two one-
dimensional (1-D) FSS that are highly-reflective for only one 
polarization (x-polarization here) and nearly-transparent for 
the orthogonal one (y-polarization), as shown in Fig. 1; this 
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assumption is validated in Appendix B. If a polarization 
twisting element is placed on one side of the FP resonator (like 
corrugations tilted at 45° as illustrated in Fig. 1), it will 
convert the incident x-polarized wave Ex into a reflected y-
polarized wave Ey which travels back to the FP resonator. As 
the latter is transparent to y-polarization (Appendix B), the 
energy passes through the cavity without any disturbance. By 
controlling the distance between the resonator and the 
polarization twister (Dp), a 90°-phase difference between the 
two orthogonal polarizations can be obtained. Consequently, 
both components Ex and Ey combine each other in the upper 
space to produce a CP wave. A similar concept has been 
reported in literature for the design of folded reflectarrays 
using a planar polarization twister, e.g. [13],[14].  
  
 
Fig. 1.  Proposed antenna configuration. Both FSS are 1-D inductive grids 
along x-direction. The twisting surface is made of horizontal corrugations 
tilted at 45°. 
 
B. Analytical model 
The antenna architecture is defined by many parameters 
(FSS and twister dimensions, Dcav, Dp, hp, etc.). An analytical 
model is presented here to facilitate its pre-design. This model 
is based on the multiple-reflection approach (e.g. [1],[12]) 
where an infinite FP interferometer is modeled using ray 
tracing. This model provides good results for antenna 
apertures in the order of few wavelengths or larger, e.g. [6].  
The analytical model implemented here is summarized in 
Fig. 2. It consists of an infinite FP resonator with two 1-D FSS 
elements (as those shown in Fig. 1) characterized by their 
respective reflection (r1x, r2x) and transmission coefficients (t1x, 
t2x) and separated by a distance Dcav. The polarization twister 
(metallic corrugations at 45°, Fig. 1) is modeled by its 
reflection coefficient rcy representing the polarization 
conversion of an incident x-polarized wave into a reflected y-
polarized wave. The excitation element is assumed to be a 
waveguide source radiating in the +z direction, placed at a 
distance hp from the bottom FSS. Using the ray-tracing 
method, and assuming that the point source is linearly-
polarized with unit magnitude (i.e. |Einc| = 1) and that there is 
no loss in the antenna and twister parts, the paths traced by the 
rays emitted by the source are represented in Fig. 2.  
To calculate the axial ratio of this antenna, we first need to 
find the transmission coefficients x
FPT  and 
y
FPT  in x- and y-
polarizations. Each transmission coefficient is simply the 
summation of all far-field components radiated by the antenna 
after an infinite number of multiple reflections between the 
two FSS.  
Using the simple procedure outlined in Appendix A along 
with an infinite series summation formula, the transfer function 
for both polarizations can be expressed as follows 
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It is important to mention here that, only the broadside 
values (θ = 0°) of the transfer functions are retained as the 
antenna directivity is maximum at broadside. For 
configurations where the maximum directivity is required for 
other angles, the cosθ term can be included in the model for 
optimization (Appendix A). 
Next, the axial ratio can be easily computed from Equ. (2) 
and (3) using the following expression 
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where G = ρL + 1/ρL, ρL = yFP
x
FP TT , and φ = 
x
FPT  – 
y
FPT .  
 
 
Fig. 2.  Analytical model of the proposed antenna based on ray-tracing 
method. The rays for x-polarization are represented as black dots, and the rays 
presenting the y-polarized ray by grey dots. 
 
C. Analytical optimization 
The analytical model presented above is implemented here 
to optimize the antenna parameters. The following procedure 
is employed. 
For a given FSS configuration (r1x, r2x, t1x, t2x) and twister 
characteristics (rcy), the antenna height parameters (Dcav, Dp) 
are varied in order to obtain the broadest 1-dB AR bandwidth 
with the maximum of the transfer function centered around f0. 
The FSS characteristics (r1x, r2x, t1x, t2x) can be obtained either 
analytically for 1-D inductive grids with zero thickness (e.g. 
[15]-[17]) or numerically using full-wave simulations and 
periodic boundary conditions for more complex FSS shapes. 
The later method has been chosen here because rigid and thick 
metallic FSS screens without any dielectric support are 
required here for high-power space applications. 
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The parameter rcy is calculated in the same way, using 
periodic boundary simulations (HFSS) around a unit-cell of 
linear corrugation (tilted by 45°), and by illuminating it with a 
plane wave polarized along x and observing the reflection 
coefficient in y-direction. The reference curves for the most 
interesting cases are detailed in Appendix B. 
It should also be noted here that this model can be used also 
for planar self-polarizing antennas by including a dielectric 
substrate with a FSS etched on both sides and a planar twister 
element (as the one reported in [18]). 
 
 
(a) 
 
(b) 
 
(c) 
Fig. 3. Analytical results. Impact of the FSS reflectivity R (for a fixed twister 
configuration, ac = 4 mm, lc = 18.85 mm) on (a) the ratio of the transfer 
functions |TFPx| / |TFPy|, and (b) the axial ratio. (c) Impact of the twister 
configuration (ac and lc, in mm) on the axial ratio bandwidth (with a fixed 
FSS reflectivity R = 90%).  
 
To keep a simple antenna structure, thick 1-D inductive 
grids and rectangular corrugations are used. Their typical 
frequency responses are given in Appendix B. This data base 
is employed to pre-define the antenna geometry and select the 
best set of parameters providing the largest AR bandwidth and 
the highest directivity at broadside (θ = 0°) which is indicated 
by the magnitude of the transfer function calculated from (2) 
and (3). For optimization runs, the values of Dcav and Dp are 
varied over a wide range of values around a central starting 
value. The starting point for Dcav is calculated using equation 
(1), while the starting point for Dp is chosen to be around a 
quarter wavelength (λ0/4). Then a range of values around these 
starting values is selected (first a wide range with large steps, 
then a finer range with smaller steps for fine tuning) to 
calculate the transfer functions and the axial ratio over a given 
frequency band and a given FSS reflectivity pair for the two 
FSS layers. 
For this study, both FSS are identical in order to radiate the 
same energy in both directions, and the losses are assumed to 
be negligible. Some representative results are represented in 
Fig. 3.  
In Fig. 3(a), the antenna transfer function ratios (from Equ. 
(2) and (3)) are shown for different FSS reflectivity values (R 
= R1 = R2), where R1 = |r1x|² and R2 = |r2x|². It can be observed 
that as R is decreased, the magnitude of the x-polarized wave 
becomes more important than the y-polarized one. In other 
words, the ratio |TFPx| / |TFPy| between the two transfer functions 
is increased. This is an expected result due to waveguide type 
of excitation source used to model this antenna. As the FSS 
reflectivity is decreased, there is less energy going towards the 
twister. Hence, the antenna does not produce good quality 
circularly polarized wave for lower FSS reflectivity values. 
Consequently, the AR curves (Fig. 3(b)) degrade for lower 
values of R. Using a source which radiates equally towards 
both +z and -z directions (for example a dipole) would remedy 
this problem; but in this study, the waveguide source is 
retained as requested by Thales Alenia Space, France. 
Fig. 3(c) shows that, for a fixed value of R, the use of a 
smaller twister periodicity ac leads to an enlargement of the 
AR bandwidth. The value of lc is adjusted to ensure that the 
twister operates around the center frequency of 3.9 GHz. The 
transfer function ratio for a fixed reflectivity and a variable 
twister periodicity (not shown here) does not change. 
From the above results, we can infer that we must use highly 
reflective FSS in order to ensure a good quality circularly 
polarized wave. On the other hand, the twister configuration 
has a direct impact on the AR bandwidth, but does not modify 
the antenna radiation characteristics. 
To further improve the proposed configuration, we studied 
the analytical model with different FSS reflectivity values to 
compensate for the difference between the x- and y-polarized 
transfer function magnitudes. The case with R = 90%, ac = 4 
mm, and lc = 18.85 mm, was selected as it provides the best 
axial ratio bandwidth. The reflectivity of the lower FSS (FSS1 
in Fig. 1) was lowered to allow for more energy to go towards 
the twister. The best results (observed for R1 = |r1x|² = 89% and 
R2 = |r2x|² = 90%) are shown in Fig. 4 and compared to the case 
with equal FSS reflectivity values. We observe that we obtain 
equal magnitude for both transfer functions (Fig. 4(a)) and 
better axial ratio minima (Fig. 4(b)) as compared to the case 
where both FSS have same reflectivity values. However, the 
AP1202-0153.R2 − Muhammad et al. 4 
3dB axial ratio bandwidth does not change. 
The best case selected from this optimization study is the 
one with R1 = 89% (af1 = 25 mm, df1 = 4.5 mm), and R2 =90% 
(af2 = 25 mm, df2 = 5 mm) and a twister configuration with ac = 
4 mm, lc = 18.85 mm (largest AR bandwidth). In this case, a 3-
dB AR bandwidth of about 6.7% is obtained for Dcav = 32.2 
mm and Dp = 7.7 mm. The other dimensions (FSS and twister) 
can be found in Appendix B.  
 
 
(a) 
 
(b) 
Fig. 4. Comparison between the analytical results using same (R1 = R2 = 90%) 
and different (R1 = 89%, and R2 = 90%) FSS reflectivity values for the upper 
and lower FSS (for a fixed twister configuration, ac = 4 mm, lc = 18.85 mm) 
(a) the magnitude of the transfer functions |TFPx| and |TFPy|, (b) and the axial 
ratio.  
III. SIMULATION AND EXPERIMENTAL RESULTS 
A. Full-wave optimization 
Once the concept has validated analytically, the next step is 
to simulate a finite antenna using a full-wave simulation tool. 
For this, HFSS has been used to simulate an antenna with a 
square aperture and shielding cavity walls for better 
integration into an array configuration and to minimize 
coupling between neighboring sources [8], [10]. The 
simulation setup and the dimensions are defined in Fig. 5. The 
antenna aperture size (defined by Thales Alenia Space, 
France) is about 4λ0 so as to produce a pencil beam with a 
directivity of about 20 dBic in C-band (f0 = 3.9 GHz).  
The antenna is fed by a standard rectangular waveguide 
(WR229) with interior dimensions of 58.17  29.08 mm² 
(twg = 5mm). This waveguide penetrates through the twister 
part into the FP cavity (as schematized in Fig. 1). The 
impedance matching is optimized by varying the waveguide 
penetration inside the cavity (hp) and the iris width (di) placed 
at the bottom FSS as illustrated in Fig. 5b. Previous studies 
have confirmed the relevance of this impedance matching 
system [8], [10].  
A parametric study has been carried out with HFSS in order 
to take into account the finite size effects and the presence of 
shielding walls which were not modeled in Section II.B. This 
study consists in three steps: i) the FSS parameters and cavity 
height (Dcav) are varied to obtain the maximum directivity, ii) 
the corrugation parameters and the distance (Dp) is then 
adjusted to obtain the maximum 1-dB AR bandwidth, iii) 
finally, the impedance matching level is improved by adjusting 
the waveguide penetration hp and iris width di. 
TABLE I 
FINAL DIMENSIONS FOR THE SELF-POLARIZING FP ANTENNA (AS A REMINDER, 
THE DIMENSIONS OPTIMIZED ANALYTICALLY ARE GIVEN INTO BRACKETS) 
 
Antenna aperture (Lant) 320 mm 
Antenna height (hant) 73.0 mm 
Cavity height 
Dcav = 32.5 mm (32.2 mm) 
Dp = 6.5 mm (7.7 mm) 
Corrugation parameters 
lc = 16.0 mm (18.85 mm) 
dc = 3.0 mm (3.0 mm) 
ac = 4.0 mm (4.0 mm) 
FSS parameters 
af1 = af2 = 25 mm (25.0 mm) 
tf1 = tf2 = 5 mm (5.0 mm) 
df1 = 4.0 mm (4.5 mm) 
df2 = 6.5 mm (5.0 mm) 
Impedance matching part di = 8.0 mm, hp = 10 mm, ti = tp = 1 mm 
 
 
(a) 
 
(b) 
Fig. 5. Simulation setup. (a) 3D cross-section view (half antenna). (b) Cross-
section view.  
 
The final dimensions are given in Table I. We can observe 
that they are rather close to those derived from the analytical 
optimization (Section II.C). The width of the top FSS (df2) is 
larger than the bottom one (df1) as predicted by the analytical 
model. This allows for more energy flowing towards the 
twister as compared to the energy leaving the FP cavity 
Dcav 
Dp 
 lc 
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towards the +z direction. In other words, the reflectivity value 
of the bottom FSS layer is slightly lower as suggested by the 
analytical model. In the optimized design, the reflectivity of 
FSS1 and FSS2 at 3.9 GHz equal 88% and 95% respectively. 
This difference with the analytical results is due to the 
combined effect of the finite size of the antenna, the close 
proximity of shielding walls, and the size of the waveguide 
source which were not taken into account in the analytical 
model.  
The cavity wall thickness tw equals 8mm. The total antenna 
height hant is only 73 mm (0.95λ0) without the excitation 
waveguide source.  
 
 
(a) 
 
(b) 
 
(c) 
Fig. 6. Simulation results. (a)  Directivity,  Reflection coefficient. 
(b) Axial ratio, (c) Radiation patterns in LHCP and RHCP @ 3.90 GHz. 
 
 
B. Optimization results 
The simulation results of the optimized configuration are 
summarized in Fig. 6. A maximum directivity of about 20 dBic 
is achieved at 3.93 GHz with a reflection coefficient below -
17.5 dB (Fig. 6a). The 3-dB AR bandwidth equals 5.1% (3.82 
GHz – 4.02 GHz, Fig. 6b). This value is slightly lower than the 
one predicted analytically (6.7%). The main reason for this 
difference is the presence of the surrounding cavity walls, the 
finite size of the antenna, and the presence of the waveguide. 
The left- and right-hand CP radiation patterns are shown in 
Fig. 6c at 3.90 GHz (frequency point where the AR is 
minimum). Very clean patterns with side lobe level lower than 
-13.5 dB and cross-polarization level below -17.5 dB are 
obtained for all observation planes.  
C. Prototyping and experimental results 
The optimized antenna (dimensions given in Table I) has 
been manufactured in separated parts. The FSS have been 
fabricated using water-jet cutting technology, the twister 
surface with a CNC milling machine, while the waveguide, the 
impedance matching system, and the cavity walls were 
produced using a manual milling machine. The assembled 
antenna is shown in Fig. 7 with its supporting structure for 
measurement purposes. 
The measurement results are shown in Fig. 8. A maximum 
directivity level of about 18.5 dBic is measured at 3.9 GHz, 
with a reflection coefficient S11 below -18 dB (Fig. 8a). A 
maximum realized gain of 18 dB is measured. The 0.5 dB 
difference between the measured directivity and realized gain 
is very likely due to the cumulative effects of fabrication, 
assembly and alignment errors. The measured S11 is lower than 
-18 dB over the entire 3-dB gain drop bandwidth. The 
measured 3dB axial ratio bandwidth is about 4.6% (3.81 GHz 
– 3.99 GHz, Fig. 8b). Again, the frequency shift (~ 25 MHz, 
i.e. 0.6 %), observed between measurements and simulations, 
is attributed to fabrication uncertainties.  
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(b)  
Fig. 7. Fabricated prototype for operation in C-band. (a) 3D view with the 
supporting structure. (b) Zoomed view. 
 
As a summary, a combined bandwidth of 3% (3 dB axial 
ratio bandwidth, 3dB gain drop bandwidth and -10 dB 
impedance matching) has been obtained experimentally (3.84 
GHz – 3.96 GHz). This value is significantly better than the 
self-polarizing solutions proposed in [9] (much compact) and 
[10] (more efficient). Finally the measured CP patterns at 3.90 
GHz (Fig. 8c) show similar behavior as in simulations. The 
3dB gain drop bandwidth could be improved further by using 
tapered reflectivity for the FSS [19]. 
 
 
(a) 
 
(b) 
 
(c) 
 
(d) 
Fig. 8. Comparison between simulation and measured results. (a) Directivity, 
and realized gain, (b) axial ratio, (c) reflection coefficient, (d) measured 
radiation patterns in LHCP and RHCP @ 3.90 GHz. 
  
The axial ratio variation with respect to θ at 3.9 GHz is 
shown in Fig. 9 in simulations and measurement. Both results 
are in excellent agreement. From simulations, we have a 3dB 
axial ratio beamwidth of about 24° around the axial direction, 
while the measurements show a beamwidth of 20°.  
 
 
(a) 
 
(b) 
Fig. 9. Angular variation of axial ratio @ 3.90 GHz. (a) Simulation, and (b) 
measurements. 
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IV. CONCLUSION 
A new concept of self-polarizing FP antennas 
simultaneously combining the principles of FP resonators and 
polarizing twisting elements has been studied analytically, 
numerically and experimentally. The antenna pre-design is 
defined using an analytical model based on ray-tracing. Then, 
full-wave optimization results for a finite antenna have been 
presented and successfully validated around 3.9 GHz. This 
concept is quite general and could be extended to planar 
antennas for low-power applications. 
 
APPENDIX 
A. Analytical calculations 
Using the definitions of Fig. 2, the transfer function for the 
x- and y-polarized waves can be written as a sum of all fields 
transmitted in the far-field region (assuming the source 
position (hp) as the reference plane)  
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where Einc = 1, Etx, E
’
tx, E
’’
tx, etc. are the far-field rays 
generated by multiple reflections of the incident wave between 
the two FSS layers; and Ety, E
’
ty, E
’’
ty, etc. are the far field rays 
generated by the corrugations at 45° (twister surface). It is 
assumed here that there is no x-component reflected from the 
corrugations (i.e |rcx| = 0) and the FSS layers are completely 
transparent to the y polarized wave coming from the 
corrugations (i.e |r1y| = |r2y| = 0, and |t1y| = |t2y| = 1). These 
assumptions hold true over the small frequency band around 
the central design frequency (see section B) and consequently 
simplify a great deal the analytical model.  
Now, by replacing these rays by the corresponding 
reflection and transmission coefficients of the FSS and the 
twister, we obtain ([1], [5], [12]) 
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where θ is the incidence angle of the excitation wave, and k0 
is the wave number in free space.  
The above equations can be transformed easily using infinite 
series summation; which gives 
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In our calculations, we assume θ = 0° as we are interested 
only in the antenna characteristics at broadside. Finally, we 
have: 
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B. Reference curves used for analytical study 
Inductive FSS: The analytical results of Section II.B have 
been generated using a set of reference curves for the FSS 
reflection (r1x, r2x) and transmission (t1x, t2x) coefficients, and 
for the corrugated twister (rcy). These curves have been 
computed with HFSS (as explained in Section II.C) as a 
function of frequency around the central frequency (3.9 GHz 
here).  
The FSS periodicity considered in this paper (Fig. 1) is 
given in Table II. The FSS thickness (tf1 = tf2) and width (df1 = 
df2) are constant for all cases (5 mm).  
 
TABLE II 
FSS DIMENSIONS FOR DIFFERENT REFLECTIVITY VALUES 
 
Reflectivity (%) 
R =
2
2
2
1 xx rr   
90 80 70 60 45 
Periodicity (mm) 
af1 = af2 
25 30 33.5 36 40 
 
  
(a) (b) 
  
(c) (d) 
Fig. 10. HFSS simulation results for FSS with reflectivity values ranging 
between 45% and 90%. Reflection coefficient in magnitude (a) and phase (b). 
Transmission coefficient in magnitude (c) and phase (d). Both FSS are 
assumed identical.  
 
To validate the assumption made in the previous section 
(section A) and stating that the FSS is completely transparent 
to the y-polarized wave coming from the corrugations below, 
the S-parameters for the 90% reflectivity case are shown in 
Fig. 11 for x- and y-polarized plane wave excitation. It can be 
seen that the transmission coefficient is nearly equal to 1 and a 
very low level of y-polarized energy is reflected by the FSS. 
Hence, the assumptions in the previous calculations (|r1y| = |r2y| 
= 0, and |t1y| = |t2y| = 1) are valid.  
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Fig. 11. S-parameters for the x- and y-polarized incident plane waves on a 1D 
FSS infinite surface (HFSS simulations) with 90% reflectivity.  
 
 
Corrugated twister: We assume that the width dc of the 
corrugations equals 3 mm in all cases. Only their periodicity ac 
and depth lc are varied to make the twister operating around f0 
= 3.9 GHz. 
Three relevant and representative twister configurations are 
selected here (Fig. 12). Their reflection coefficients in y-
direction (for a normally incident plane wave polarized along 
x-direction) are plotted in amplitude and phase for three values 
of ac and lc in Fig. 12(a) and (b). We can see from Fig. 12(a) 
that, for ac = 4 mm and lc = 18.85 mm, we obtain the largest 
bandwidth over which the energy is converted from x- to y-
polarization, while form Fig. 12(b) we can see that the phase is 
nearly constant around 180° for the same case (ac = 4 mm, lc = 
18.85 mm). This explains why we obtain the widest AR 
bandwidth using this twister configuration. 
 
  
(a) (b) 
Fig. 12. HFSS simulation results for an infinite flat corrugated surface tilted 
at 45° and illuminated by a x-polarized plane wave under normal incidence. 
Reflection coefficient rcy in magnitude (a) and phase (b) for three values of ac 
and lc. 
 
 
Fig. 13. Reflection coefficient in the x-polarized and y-polarized wave from 
the corrugations with an incident x-polarized plane wave for ac  = 4 mm, lc = 
18.85 mm and dc = 3 mm.  
 
The magnitude of the x- and y-polarized components 
reflected from the corrugations is shown in Fig. 13. We can 
see that the x-polarized field is negligible and hence the 
assumptions for the calculations in the previous sections are 
valid (i.e |rcx| = 0).  
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